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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a positive electrode active material having a reinforced crystal 
structure of lithium-nickel compound oxide, and to provide a positive electrode for a lithium secondary 
battery and the lithium seconday battery allowing improvement a cycle characteristic and a load 
characteristic. 

SOLUTION: This positive electrode active material for a lithium secondary battery includes a 
iithium-nickel-manganese compound oxide or a lithium-nickeh manganese-M compound oxide represented 
by a composition formula LiaMnbMcNi1-(b+c)02 having a peak in a range of 2θ =18.71 ±0.25'' with a 
half- value width of 0:15-0,22'* in powder X-ray diffraction measurement using Cu-Kα as an X-ray 
source, wherein M is a kind of element selected among B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg. Sr and Ti, 0<a<1.2, 
0.05≤b≤0.45, 0≤c≤0.45, and 0.5≤1-(b+c)&le,O.95. 
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(54) [%i»(D«|ts] U^'r^rA^JfCfefi^jEftSHfARtP^ogESDirjic. ClCDjESfiHMI^^V^XiU^t/Ar^fKlil^ 
C57) 

It, Xii^t LTC u -K a -^fflV ^fc|&*X«|lH»faiJ^ 
{J:^tt52fl = 18. 7 1±0. 2 5° <o«5ffltJ:#frf 
St°-i?(^HMHg^5o. 15° ~o. 2 2° Thorns. 

i.Mn,M.Nii.,».oO, (itU MIIB. A 

1, Fe. V, Cr, Cu. Ga, Ca, Mg, Sr. 
T i7i^^mi^ili>im<D7i^-^h'0. 0<a<l. 

2, 0. OS^b^O. 45, O^c^O. 45*^ 
0. 5^1- (b + c) ^0. 9 5) X-m^iv^Vr^ 

v>5„ 



(2) 

1 

XMmt LTC u -K a 5rfflV ^td^Mxmm9m&ias 
It52 9 = 18. 7 1±0. 25° ©|5fflir#?£t"5f 
-iJ'OiNtilBASO. 15° ~0, 2 2° TfcSiffl^L 
i.Mn^McN i..cb..,0, ({tU MttB. Al. F 
e. V. Cr. Cu, Ga. Ca, Mr, Sr. T i 
?)i^$iX^ia©7C3!|-Cfc9, 0<a<l. 2, 0. ID 
OSSlbSO. 45, OSc^O. 45*^0. 5^1 
- (b + c) ^0. 9 5) Vm^tl^V^^M.-=^'y^ 

TOmt LTC u -K a >^5^XitSlH»f8!l®C:fc 
>t529 = 18. 71±0. 25° ©i5ffl{-#!tt-5f 20 
-i^«>iHSi|S;JSO. 15° ~0. 2 2° Xh^im^L 
i.MntHN i..,.,oO, ({i.U MttB, Al. F 
e, V, Cr, Cu. Ga, Ca. Mr, Sr, Tid» 

hmi^n^im(D7imxhy). o<a<i. 2, 0. 

OS^b^O. 45, 0. 05^c^0. 40*^^0. 
5^1- (b + c) ^0. 95) Xm^tl^Df-^M.- 

iti:-r5iiiJit«i*fcf*is*S2fci2ij«5y^^>A-jjc 30 
[it*«4i s^lf5l&*xjilI^»fMc*5^,^T. 20 = 

18. 7 1±0. 2 5° ©^{C^frrSf-i^'iDSiS 
SrIiirU 26=44. 54±0. 2 5° <D^{J:# 

f-i? (Z)^iSr I » i: i.im^oymit I X / 1 , 

(DiiiKl50. 81Jt±©SfFiBy^!>A-::i->^/V'— 7>';tf> 
ffiiEfi^So 40 

Mn i:*^|c:ffife-t-'5*\ fo?>V>IS=^s"5ryHg-?<D-|fK 
S:Mn43j;tm (fiU MIIB. Al. Fe. V. C 
r. Cu, Ga, Ca. Mr. Sr, T 

xiimt LTC u -K a ^m\>^tcM^xmii^mmcis 

(t'529 = 18. 71±0. 2 5° ©JgH(C#&f5f SO 



4WB2 0 0 0-2 23 122 
2 

-^(D^mmi^O. 15° ~0. 2 2° tfj:Zm&:L 
i.Mn^McNi O, ({EL, MfiBtJlB?^, 0 
<a<l, 2, 0. 05^b^0. 45, O^c^O. 
45;4^0. 5^1- (b + c) ^0. 95) X^^tl 

ffljEffiS«b««)jSfit*ftT$>oT, 

y ^ i, _ - 5, y ^ji^^f-ay-^:^ 

MniSXXJM ({EL, MIJB, Al. Fe, V. Cr. 
Cu. Ga. Ca. Mr. Sr. T i *>f>iltR$n'5 1 

ximMt LTC u -K a Srfflv ^tdmxmmmmcid 

n^2e = 18. 7 1±0. 2 5° C0®HI;i#?£f-5f 
-^©iHSigiJO. 15°~0. 2 2° t/j:5iS^L 
i.MntMcNii.fk.oOi (flL, MlittUBT^, 0 
<a<l. 2, 0. 05^b^0. 45, 0. 05ic 
^0. 40d>o0. 5^1- (b + c) ^0. 9 5) T' 

7 1 fiSiSBmiSiajV >T, 

^^irM-ft^ ({i.L, MUB. Al. Fe, V. C 
r, Cu, Ga, Ca. Mr, Sr, T iiA>hWi^H 

[»*«8 J mfS®feIS»C*iV NT, 

7k^i:M{k^ ({SL, MJiB. Al. Fe. V. C 
r. Cu. Ga. Ca. Mg. Sr, T i 

l8Siift$-*TBt«a#it^Offi?»K^*^P>/j:5«'^^ 

^m^m 5 ^tdtm^m 6 (cfB«^ y f-^M.-d^mm 
Jia^;5*p>^£sm-&is)isft, y5^e'-fc>^ti-&^i(oj!&^^ 



3 

1 0 ] wmm^'p<DM^A ithtc^t^ 

= 18. 7 1±0. 2 5° <DffiH{C#^-5t'-i^©!S 
^SrliiU 20=44. 54±0. 25° ©jSffljC 

#fer« f-^«)!fis«r I . t hitmmslit i ./ 1 
mh^^i>')^^j>sr»mm-sm-^hox^ -sum 

b L-CC u -K a SrffiV >yy!&*Xi^IllifTii9;t{C*J»t5 2 
e = 18. 71±0. 2 5° (^)ffiffl{C#!^iK'— ^(7? 
iNDIBiJSO. 15' ~0. 22° -Cfc-Slifij^iL i.M 
mM.Nix.„,.,0, (mU MttB, Al. Fe. 
V. Cr. Cu, Ga. Ca, M«. Sr. T i d^bii 
WL^kh^lWOirMXhr). 0<a<l. 2. 0. 0 5 
^b^O. 45> O^c^O. 45*>o0. 5^1- 
(b + c) ^0. 9 5) X-m^fl^V^^J^-^-y^/V 

Xm^t tr C u -K o ^fflV >Ac:^5^Xi||I51^S!|;tic*3" 
It620 = 18. 71±0. 25°©^{c#frf5f 
-^'«)iHii|@;6S0. 15° ~0. 2 2° xii^im^L 
i.Mn.HNix.,k.oO, ({aU MflB, Al, F 
e, V, Cr. Cu, Ga, Ca, Mg, Sr, Ti*» 
bWi^tliyimOymX'h'O, 0<a<l. 2, 0. 
OS^b^O. 45, 0. OS^c^O. 40*^0. 

5^1- (b+c) ^0. 95) -m^ix^y^e^A- 
u 

i^xm^tzz. t ^imt-r^ y f^i^A-jjcuiMm 
mit-r^mmi 2*fd*f»*:^i 3(ciE«<oy5^!? 
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4 

= 18. 71±0. 2 5° <D®ffl{C#fet"5f-^'©5S 
SSrlitU 20=44. 54±0. 2 5° <^)«iffl{C 
I, i: Lfc#g-(^)3fiStt: I 1 
,(^^0. 8i&Lh<OSaf5y^"i'i>.-::^y<>'/^— 

HimfflSy ^[J'.A-r: 
:^-M^^t?^Srai^LT^l ^-5 i 5 1- Lit ^ t 
mir-rsilJftSl 2*^P>IS*3Si 4©^^•fJ^;i^^c|3t(0 

yf-'i'j^-»:®i!ifflm 

Iff 161 'pfKbh') ^^J^'^m%i\:imK^ 

y ^ A - :^ S/ -Jr/UlS-^bifeO:^ 5/ >^/Uj^^i<^>-g|5?r 

^Mnidtxm. (fiU MIIB. Al, Fe, V, C 
r. Cu, Ga, Ca, Mr, Sr, 1 ii)^hWSi^fl 

afHEi^lSlC i 0 , Xamt L-CC u -K a *ffiV ^fc 
«^Xi8lliWfill^{Cj3lt«2e = 18. 7 1±0. 2 5 

20 ° (D^\z-m£ti'^-i^<Dimmt^o. 1 5° ~o. 

22° iri^CSS^L i.Mn,M.Nii.„..>0, ({a 
U MliKFiESc*. 0<a<l. 2, 0. OS^b^ 
0. 45. O^c^O. 45i6voO. 5^1- (b + 

c) ^0. 9 5) X^^iX^)}f-'^J^--y^;V-^l^ 

ig^LT;^7y-;^Mu z.<D:^y')~^nmm. 

30 lEmw^m, 

Ii»^i7i {J>jsj< tty^i?i*^a^{km-si 

Mbt^hfi^y^ y y -^w^\dm\^xWym-h y 

y ^ A - n /ryu:jg^^b!|^0^ 5, ^/Hf :f (7>-g|J^ 

Mn*J<tt;M (aU MtlB, Al, Fe, V, Cr, 
Cu, Ga, Ca, Ms, Sr, T i ^i^f^iiJi^^ti 1 

wmm^TMzi.^^ Xi^irLTCu-KaSrfflV^jt 
40 S*XaiHBFfffl!)^(r*3tt^2 0 = l 8. 7 1±0. 2 5 

° <rmmm^^^-'!p<r>^W)'^Q. 15° ~o. 

22° ir/jrSiffl^L i.MnkHNii.,t..>0, (m 

U MlittHBTt;^, 0<a<l. 2. 0. 0 5^b^ 
0. 45. 0. 05^c^0. 40*^o0. 5^1- 
(b + c) ^0. 9 5) X^^i\.^^)^^J^-~vfr>\^ 

WI^\.X7^y^)-^^y 
50 S:«ai:-t--5y^i?A-j«t?iffllffi(^S6im 



5 

[mm. 1 8 1 trnmrnTMi^ts^ ^-c. 

ii^mLtUit-^ (mU MliB. Al. Fe. V. C 
r, Cu, Ga. Ca, Mr, Sr. T i *»P>^$n 

^^tUit^ m.U MIIB, Al, Fe, V. C 

r. Cu. Ga, Ca, Mr. Sr. T iA^hWSi^fl 

5l»3jt^ 1 7 4/b:li|f*« 1 8 \zmtKO y ^ 1? A-jJd; 20 

[st*« 2 1 1 HiilKJ^troM^r A 1 t Lfc ^ t ?r 

[f»*«2 2l t(Fl5XijftiI^fiWJfe{;**VNT, 2 6 = 1 
8. 7 1±0. 2 5° 5f-i^O^Sr 
IiirU 20=44. 54±0. 2 5° O^lci^ 

1-5 i^-i^ «!^^ I , h \,fzm^(mmic u / 1 , o 

«iSO. 8iJLh©illBy^!>A--s/^^u— 

-r 511*^1 6;4^^f|j}?S2 2(^l/^i^d^CB5«©y^ 

^Jtsr^fsiESi. yf^i^A^. yf^!?^^4^*/c 

It52e = 18. 71±0. 25° ©«Bffl{C#j5Et5t!' 50 



#§82000-2 2 3 12 2 
6 

-^(D^mm^o. 15° ~o. 2 2° -^h^m^h 

i.Mn»M.N ii.„,oO, ({i.U MtlB. Al, F 
e, V. Or, Cu. Ga, Ca, Mr, Sr, T i 

fomi^ilZlW>%m-^h*). 0<a<l. 2. 0. 
05^bg0. 45. O^c^O. 45*>o0. 5^1 

- (b + c) ^0. 9 5) 'Xmi^fl^^)^tfMs--y^ 

sttfcjEffii:, y^iJ'Am y^-^A-^^sfctty^ 
z.kihmm:mm-^±^<^-^ b. rni^mmb 

[m*«2 4j 'pfi<bh])^^J>^^ms.i\:^\m 

nibi^mt^jEMb. y^!>A^$fc«y^e7A^m 
^jb^irPiygE . i^a-f-^, zbt^-^mt£^mb. 
i^^liiSH-5-fe/^v-^ , ^ymfmb ^m^it y 

XiSSli: LTC u -K a SrffiV ^ySil«&*xaifi]^iJ5t{c:*j 
»t52e = 18. 71±0. 2 5° <?D©HfC#ife1-5f 
-:?roiHBiH;4S0. 1 5° ~0. 2 2° "Cfe^iffliig^L 
i.Mn»M.Ni,.f,..,0, «i.U MfiB. Al. F 
e. V, Cr. Cu. Ga, Ca, Mg, Sr, TiA^ 
hmSi^fli>im<O7im-Ch<0. 0<a<l. 2. 0. 
OSSb^O. 45. 0. 05Sc^0. 40*^^0. 

5^1- (b+c) go. 95) -e^^ttsy^^^A- 

- y^/u-^i^^iy-im^m^msjEmmmb 
u 

^titziEmb. y^i?A^, y^-^A-^^ifcfiy^ 

[lt*«2 5 1 mS/m^'^'DM^A IbVtz^bi: 
#m 1 1-5.ltJft«2 3 2 4 ICISK© y 

[ii*«2 6] mixmmm.izi^\'^x. 29=1 

8. 7 1±0. 2 5° (0^|;i#frt5t— ^C95ta^ 
IiirU 29 = 44. 54±0. 2 5° 

-rs t-i^©3ss^ 1 , b Ltzm^mmt 

im^m^mimmm:b LxmiLxm^tz^ 
iat<Dyf-"?A-?5:®iii. 

m. • nm-t^^bt^-^^fiiEmmmb^m^b^^ 
Mb^^-r^iEmb. y^^e^A^. y^^/A-^^^ 



^Mnfcitmi ({aU MISB. Al. Fe, V, C 
r. Cu, Ga, Ca, Mr, Sr. T 

mi^xwmm^\^n^2B = is. 7i±o. 25 

22° i:*§itefil^L i.Mn.HNii.„..,0, ({i. 

U MatufSTC*. 0<a<l. 2, 0. 05^b^ 
0. 45. O^c^O. 45;4>oO. 5^1- (b + 
c) 2 0. 9 5) T^§ti?.yf'^'ix-=.y-^/W— W 

mnBmnsomzxm^^ivitEm^m&t^-^i^ 20 

mt^mi:^t>^xwmicwxLtm. :i<Dm^mh 
f-#^7k®4f>K^*a Lxjmti> t 5 y ^ 

IfS*«2 8 J y f-e^A^m^fb^m 

mt. ^*ihm^:fmr^±^<i^^t. m^m^ 30 

Mn*3±t«V[ ({i.U MfiB. A I. Fe. V. Cr. 
Cu, Ga. Ca, Mr, Sr. T i A^feSS^^iXS 1 

S*X^JfJII^I^"(t.52fl = 18. 7 1±0. 2 5 
• ©iBffl{C#frt-5e--^cDi|£©l®4S0. 1 5° ~0. 
2 2° irifeS^i^L i.Mn»M.Nii.,k.oO, m. 
UMitm^m. 0<a<l. 2. 0. 0 52b^ 40 
0. 45, 0. 05^c20. 40*^0. 5^1- 
(b + c) 20. 9 5) Xm^tli>V'f-^J^-=-y^/V' 

-^y:»>-im^mi:m^ L'XnmEmm^b 
u 

®^uT;^7y-s^^u ^<D:^7])-'kimm!im. 
^Lx^^mmm-^iEmf^^t. 
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8 

[if 2 9 ] flfllEMfeIgtC*5V ^T. 

•^m.tMi\a^ ({aU MltB. Al, Fe, V, C 
r, Cu, Ga, Ca. Mr, Sr, T 

^28 icfBtto y ^ e'i^-»cm<^ssi*jfe. 
lit*^ 3 0 1 msmwamc:is\< x. 

=^y^Mt-^^m»^'^:n:^m^b-r>-fS:^{t^^ 

^^mm^^rfdmmb-^'^^>it-^im^^^ 

ii^J^bUHt-^ ({aU MliB, Al, Fe, V, C 
r. Cu, Ga, Ca, Mr, Sr, T it^hWR^il 

iim.(D7m) ^^^^r!t^m^b<nm!kims.m 
mm^^xmd/^t'^(Dmmf-i)^<bfi^m.'kw^ 
^n^m^^mM^m^^ no^zLtz^b imkbi- 
2 7 sfcttUM^ 2 a icmk<D y ^ i^i^zuwa 

m-A^h^£i>m-^m[b. ]}^'>Mt-^b<Dm^^: 
ms^mn.'¥x'mm\^xm-^m b-nmmiM 

b. 

B^'mm^imvxBmb-ri,mTmb 

imt^S 21 *(IIB|a^4'©MSrA 1 b LfcCl bi 

[fi^«3 3l tiIiEXaiH»f2|iJ^ti:*JV^-C, 2 0 = 1 
8. 7 1±0. 2 5° (DffiHli:#&1-5f-^fiC^^ 
IliU 26 = 44. 54±0. 25° 

*S2 7:d^P>m*S3 2©V>-m*^c|Bii<Dyf-!;^A- 
[OOOll 
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Ch) . V=f-^J»-:^y'^/mmfm (LiHi [0007J 

O.) , V^<>J^-^>:ff>^^m (LiMn [§Se?r^-f 5fc*(^#IS:*Jj;tH:Wf^ffl • ^^1 ^ 

a:t-«y^'J'AriWt?tfc4S||ffl^t;$iiSJ:5fc/£<>fc. [00081 ^^'A-gdK&ffll 

im (LiNio,) i:iEmmt-r?>vf-^M.-dm. mmm^n?)2e = i8. 7i±o. 25° <rmB 

miMmtizm-ox\>f£\,\ ^iroiiHoiotLr, y iz^m^t^^^—^o^mmi^o. 15° ~o. 22" -e 

^-?A-=y-Jr/w^^b|S, (LiNiO,) ttyf-!? feSiffi^L i.MmH N O, ({SU Mtt 

A>(';i-i^(^®aiS.*5:ffi{C#V\ ^^B^icSlil^r^C^ B. A I. Fe, V, Cr. Cu, Ga. Ca. Mg. 

< > ^cQ^^s mg-f£^-( i^/immmwi^ ^^tt^ s r . t i a^^mi^fi^ 1 m<Dym-vh 0 < a < 

We>it5. iSftfflStJiSflfeV^fcft, iS5*-C©3tei!S: l. 2. 0. OS^b^O. 4 5. O^c^O. 4 5*» 

MKi^vf'^^j^^^i-i^ffy^im&'miumTL^ti oo. 5^1- (b+c) ^0. 95) ■(m^tii>])f 

[0 0 0 41 ^zi-c. y^^^A-^s/^/p^i-^b^ --y'!r/\^-^y:ify-im^\:m^m^^XoKL 

(L iNiO,) 0-S'-{r/i^(7>HfP?:<a<07S(n?g 30 TV^S, 
tftU iKS«it*3ai^kUT■!^'f j?yM$f±?r[S]±$-^5<^ [ 0 0 0 9 1 *5W^roy f-!^i^i:?i:®&ffljEfiKI 

?^mt>iX^ X b ICJjCofc, 0IJx.«, 8-370 tiKtt. Xl^t LTC u -K o ^ffll/ ^/c*&5|?X$H5Iiff 

0 7-§^(c*5V>T«:, y^^'i^-^s/^^vlS^lSfe a!l^{C*5lt5 2d = l 8. 71±0. 2 5' (DiSffl{c# 

(L iNiO,) <D::iy'ir/W7Sg(0-^^3/'^yV'h7eg frf?>f— ^©^HilDliS^iO. 1 5° ~0. 2 2° "CfcS 

$?>;c+3ffi©^>;tf>>lr^-7i^;«fv Al, Fe, V. Cr. Cu, Ga, Ca, Mr, S 

'fC^^rffil/^'SriJCiD. S^^b^lC^PStt/iL i r. T i jJ^b^^tt?) lao^c^T'fct). 0<a< 

,Mn0,-^«tS»eoNi0O4^S:«#J1-5:ii:iSfi l. 2. 0. OS^b^O. 45, 0. 05^c^0. 

^$tvTV>5o 4 0*^00. 5^1- (b + c) ^0. 9 5) T-^$tl 
[0 0 0 51 40 ^^)^^J^-=^y>r>\'-^yiSy-im^mkm7L 

8-3 7 00 7^^{CtJV^-CI^$tl,;^b^T?fcoT [OOlOl L\^\OiXm.^f\Jb^}f-^}>s-=^yfr 

^r/l/7^«)-g|JSr3/<>'Vh7C^*Jj;U!-^V;«f>'7^'eS y'?'^':i.-:^s"{^>'i^-&ffi^bK) (L i N i OJ 

mt\^±t^t)K *f5^-H>-efcofCo 1. Fe. V, Cr. Cu. Ga. Ca. Mr. Sr. 

[00061 m$tx<fca^VU b7C^*J iU?-^ T i A^hmSi^iX^ 1 SOt^) T-^$*ifc±l3|i^ 
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(7) 

U 

lrjo»t52 9 = 1 8. 7 1±0. 2 5° <?>iSH(c:#fiEf 
Z\f-i^(Dimmi!i^O. 15°~0. 2 2° -CfoSt. 

(0 0 1 1 1 y ^^^'A-ny-^/Hg^tJfe (L i N i 
O,) <OX^i:tTCu-KaSrfflV^fc«&^xa(HBfr 
Mci*5«-t52 fl = l 8. 71±0. 2 5° ©ffiH{r# 
iaEl-^K"-;7©iHiDg;6SO. 15° ~0. 2 2° V$>^ ID 

A-;:i5/-5^/p:S^@?fti^ (L i N i O,) (D- y^/loc 

iirtfc. :lOJE@Sr>sv^fcy^!>i.:I^^c®l!l(0^^-^'^' 20 

I0 012l^:LT, Z.(DXofm-m^mh'LX')^ 

[0 0131 y'?"l>A-=iy>5r^l^^(i!||^ (L 30 

iNiO,) <D=.y^;v%^(D~Wi^nhi>\^\-iMxx 

;{^>'-MS^b!|felS:fflv^fcS^, *»5|cx||iHWfiij^{c 

*3V^T, 26 = 18. 71±0. 2 5° Ojeiai-#frt- 
2>bf— >^w!SaSrIii:U 20=44. 54 + 0. 2 

5° (Z)3ffl{c#aE-r'5 I , \^tz.m^(D 

mDtU/l,<mis^O. BSrTlilii:, Li.Ni.O 

I0 0141^LT> '}'f-^J^-^y^/V^-^m 

(L i N i O2) <D=^y^;\oxM<D-^ii^Anh^\''\-i 

X\t. ')^':;J^-~y^^m^im (L i N i 
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10 0 151 *58S<^jE^g*b@(0|fi^*SSc 
*5V^TI4. y^!>A-=s/>5-/Hg-^b!^ (LiNiO 

»ti:M^b^ (ii.U Mf4B, Al, Fe. V, Cr, 

Cu, Ga, Ca, Mr, Sr. T iii^hWi^tlil 

[0 0161 i&(DmtLXit. =^y^Mt-^^ 

({i.U MI4B, Al. Fe. V. Cr. Cu. Ga. 
Ca. Mr, Sr. T i i^Pji^^H^S iS©?^) ^ 

m^^'tk.ims.towk^i^M^mmm^'^x^^ 

f-^J:^--v^;\m:^m (LiNiO,) <D~y^ 
^V7C^(0— |fP;JSMnfe-5l/>l4Mn t{iiJD7iMMX'i^\Z 

[0 0 171 z.irih<DmjMhi>\^^-mmmM.^ 

(LiNiO,) CO— >;/-ir/i.-7^(;D— $|5;i5Mn$>5V^fi 
Mntftfe(D7C^ ({lU MI4B. Al. Fe, V, C 
r. Cu. Ga. Ca, M«, Sr. T i d>bj^$4x 
Z> 1 aroTcHf) i:ffi*rJ^{cl^$Hfc y f-tfJ^-- 

(r>i.ots:^)f^h.-=-y^)\'—7V^v^^m:mi^^ 
V ^{4 y ^ ^> y-^/v— ^y:^^ ^^-Mffig^bitfe^ig 

[00 181 



13 



(8) 
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1. iEmim<Dm 

(1) HffiWi-a 



-^TK^f^T/U^-T^i'.CCi^/Ht^lrSS : 5 : 1 0, 7 
0 : 2 0 : 1 OfciOiS 0:40:1 Olr^LfcStt 



3 0*5j;t;5 5 : 4 5liE8tSLfc3aiS<^}S^^Sr T/W? = e7A{r±i)fflfe$nfcflBgSr#t'5. ii^g^ 

PSSrt^o o^^-C» ;itlP)©a&^7l^^^l^ffl'iJj:^ i....Mno..,Al,.i. (oh) Ni,.„Mn..„ 

SStm C(^)iSi*|f?rliIte*-ar-CjlH«^Uia5P>. Al,... (OH) ,*JJ:T>-N i,.,.Mn,... A 1 " 

y^>»iw;D=y-y/i/7ei5«)HB5Sr^v;tfV7c3SKJ:>JlBft [00231 oI/n-c, yf=-!5'At=y-^r/u— r:^:^f>- 
$t^fc^^t*^5> ffi^N io..,Mn..., (OH) 7^i'^-<>J^t(0^/\-)ti)^^it^ivi ■■ lt^j:?>Xoi^ 
Ni..„Mn..,. (OH) ,*3j:tW i,.,sMno.4s ^tvi'tX^LXWi^Ltz^, Ij^Ltcm^mi-S t 

(OH) , V7fi^il^3m^<D=^yirj^^-^>':tfym^ ^izLXW^Hm^XXMS^l-X. m&ZL i N 

*Blfb«fe*^iVeiT#^ Mn..,,Al,.i,0. (m.m8) , LiNi,.„Mn 

[0 0 191 ol>-e, ^tl-?3(D=i->^yV-^V;tf><S-^ ..i.Alo.ioO, (^«SJ9) *Jj:t;:L iNio.soMn 

yimmtT^tv^^j^^ (Li OH) ti. y^e'A ..„aio.>«o, eniCTio) ■^?*$n5 3as(^!; 

#ll»-e2 0^ffig!i«ML-C. «m*fiSr#^ :i<^. 20 [00241 (4) |liteC»Jl 0~1 2 

^<rymm&W¥\^X. aU^L i N i....Mno.osO *-f, «i5@S^s/^yv*^0^<;/>5-/W^/Viti:, ^ 

, ^ife^Jl) , L iNi,.„Mn,.,oO, (IIJte0ij2) •=i'>';<f>7k^O-7>':>V^'(0*yUiti:, ^jgKTyl'?::^!^ 

*5j:tJ«LiNi,.„Mn,.,,0, @l*S«il|3) ATj^SSS^T/l/^ril^Aoyt/UJtiSre 5 : 5 : 3 0, 6 

5 3ffig<^y'?^!>A-^S/'^/P— r^'^^lg^iKb^* 0:10: 30fcJ;t;«50 : 20 : 30lc:»byt3a 

[00201 (2) ^0lj4~6 aES:±j*Lfc^«ajl~3iPl^fCLXj^bT, 

A7|c^«T/l/5 = e7A©^ywJtSr9 0 : 5 : 5. 6 i....Mn<,... A 1..,. (OH) Ni....Mn..i, 
5 : 30 : 5*5J:U!5 0 : 45 : 5{r0!|!iUfc3«iW 30 Al.... (OH) io..„Mn..,o A 1 

iSr^*^S:ffljrr€>o m6)<^?S^*^^ (OH) ,'T?*$n-5 3«S(D-y^r/W-^>';;:/>' 

±igt/c^0iji~3fci^m-LTi«^uT. imfc^ -r)\<^=^^hm.'^imkm^^i\^imfz. 

v'rMD=^v^i\oxM<r>-^^-^vlJv7iMiii.X^jv [o 0 2 5 1 oi/^-c, y ^i^At— s'•^^/^-^:^;<f:^- 
5=!>i«l^:J:•JfK^i*^^fc«ft$r^5, Jifi^a^i T>'V'5=.'^At(7ye/wjti6S-t<i/€'tLi : lt/jr5J:5lc 
o.,oMno.,,Al..., (OH) Ni...,Mn,.,oA -ttvJetiPISLTi^tfc^. ±3*U^llifi0!ll~3 i: 

I0..5 (OH) ,*5j:tmi..s.Mno.,sAl.... (O l^fcLTflftiQSfejztm^S'LT, i N i.. „ 

m xXm^i\.^3im<D=^y^t^-'^:y1i^y-Tiv% Mn..., A 1,.,.0, (ISiS^iJiO, LiNi,...M 

-tfJ^^^imm^^^imk^ n,.x,Al,.„0, eUffifiSJl 1) *5iO«LiNi,.„ 

[00211 OV>-C\ y^[J'Ai:;^s/>5r;v.— 7^^;^^- Mn, . A 1,. O, (HJig^Jl 2) TvT^^tL^ Sffii 

mm^vxmmtixxjm^L-x. [0026I (5) iijfe0iji3~i5 

Mn,.,,Alo.«50, . LiNi,.,5Mn -^-f. ^~y'^/l<^m^(D~-y^jU<D^/l^itt. 

o.3oAl,..,0, (^f(l5) *JJ:U!L i N io.5«Mn •^V::(fi^7K^«-7>#>cD^/U'Jti, fif!E^T/u? = ^> 

..4,Alo..50, ^Iife'01j6) -C^$iX-53^©y^ M,^^(DT^\^^~^J^(0^/l'tt^5 5 : 5 : 4 0. 5 

^A-::^y^jl^—ry:ff>'-7Ji^^~^M>m-^m3b^ 0:10:4 OJiiU^S 0:5:4 SlCIftKLlTcSffilS 

[0 0 2 21 (3) mmm7-^9 ^imhtzmmis tmi^icLxfrnvx^ *s!^b 



15 

o.jjMiio.os A lo.^o (OH) I, N io.ioMno.io A 
(OH) a*3<ttWNl i,.,»Mno.,,Al».,, (O 

i^fi Lxmm^ixjm^Lx. i n i . . . , 

Mn...,A],.,,0, im&miS) . LiNi<,.,.M 
no.ioA1....0, (Ilte0l|14) *3j;i;?L iNio.,0 
Mn,.„Al,.„0. eUfi0IJ15) •V^^tli>3Wm 

1 0 0 2 8 1 ±i^(Dx 0 J- Lxfm Lfcmmm 1 -1^* 
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EfiU X«iaSi:LTCu-Kair;^yy hitiiUitm 
©;^yy hS:fflV^T. #jE®jg4!®{c:Cu-KaSrfig|t 
:^e-CH^tT2e = l 8. 71±0. 25° fiDfigffltr 

-rJ:5''iigmi:Wc ^fc, 2 0 = 18. 7l±0. 
2 5° ©|5ffl(c#^5if-^<^(5HSl»S:a!t&f--5i: 
tttr. 2 6 = 4 4. 5 4 + 0. 2 5° (^)|Sfflir^?&t- 

[0029] 
[^1] 





^ 7C * CO * A/ tk 




r ) 




L i 


N i 


Mn 


A 1 


b + c 


mi&mi 


1.00 


0. 95 


0.05 


0.00 


0.05 


0. 16 


1.8 


mmm2 


1.00 


0. 70 


0. 30 


0. 00 


0. 30 


0. 20 


1.5 




1.00 


0. 56 


0. 45 


0.00 


0. 45 


0. 22 


1.7 


mmm4 


1.00 


0.90 


0. 05 


0, 05 


0. 10 


0. 18 


1.3 


mmms 


1.00 


0. 65 


0. 30 


0, 05 


0. 35 


0. 20 


1. 1 




I. 00 


0. 50 


0. 45 


0.05 


0. 50 


0. 19 


1.3 




1.00 


0. 85 


0. 05 


0. to 


0. 15 


0. 17 


1.5 




1.00 


0. 70 


0. 20 


0. 10 


0. 30 


0. 18 


1.5 


mmi9 


1.00 


0. 50 


0. 40 


0. 10 


0. 50 


0. 20 


1.9 


mmmio 


1.00 


0. 65 


0. 05 


0. 30 


0. 35 


0. 20 


1.7 




1.00 


0. 60 


0. 10 


0. 30 


0. 40 


0. 17 


1.8 


mmmn 


1.00 


0. 50 


0. 20 


0. 30 


0. 50 


0. 18 


1.5 




LOO 


0. 55 


0. 05 


0. 40 


0. 45 


0. 22 


1.7 




1.00 


0. 50 


0. 10 


0. 40 


0.50 


0. 21 


1. 1 




1,00 


0. 50 


0. 05 


0.45 


0. 50 


0. 21 


1.2 



10 0 3 0] /j:*3, ±1^1 |C^3V^T, #75^©*/Uit 

|c:t5V^■rL i itm^L i.Mn.HN OJc 
j3it^>aSr«U Nifil- (b + c) ^MU Mnii 

m^-mMximmmicmi>2e=i8. 7i± 4o 

0. 2 5° mm\c:^^^i:'-^<Dimmt)iO. 15 

° ~o. 2 2° vhi'^mimn^i5<7m'^m 

0<a<l. 2, 0. OS^b^O. 4 5. O^c 
SO. 45*<5v 0. 05Sb + c^0. 50. BP*), 
0. 5^1- (b + c) SO. 9 5©^fi#0^^-:5i^5:t 

[0031] (6) itlS^Jl 



^W^hX. i N i O, (ltt!?0ijl) XT^^ix, 

[0 0 3 2] (7) \mm2 



00) 
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,.s. (OH) 2V7f:&tli>=^y^/i^—r^^:ff>^'^Mk 

[0 0 3 3] oV>T. ^(D=^y^/i^—=r>':ff>1S.-^7m 
^mt:mitV^'>J^ (Li OH) iSr, V^<>J^t=^ 

m^^^WLX. la^L iN i..,.Mn,.,oO 

[0034J (8) imi^\3. 4 

A7tc®?Kwr/W^=;>ix©*/wJt5:9 2 : 3 : Z^iXF^ 
45:50: 5lc|i8®|Lfc2«S(Dza^7|<^>Srffl^ 

$tLfcfflBt*^5. *M^Ni„.„Mn,..,Al..,5 20 
(OH) ,*>i:0«Ni,.4iMn..,«Al,.„ (OH) ,T' 

^tl^naaSUTi&^um ±34tfclli£0iJl~3i: 
l^{cLTIIR«!«*5J:U«9#UTs iffl^L i N 
Mn..«,Al...sO, {im^\3) I3j;t/L iNio -s 
Mn,.„Al,..,Oj (Jtt!f0!|4) X-y^^tH 2W^<D 

[0 0 3 61 (9) mmz 

TyW5=.r>^^C^0DT>'V'5=:!>i.<D*^PJt?r9O : 1 

oiciimL^is^7t<^<^ffiirr^o ov^-e, mC)<^) 
H^}^^mSk^^idm^^^. ii^a4i..„Ai 

..10 (OH) ^X^^^^^y^)\'-r>\'^=-tfi>-'^^ 

h'mL\c\.xwm^imm\.x. irn^i. i n i 

[00371 (10) M3|{f01j6~7 
J>jl(i^(Drj\^^~^^<rye^Xyit$:8 7 : 3 : 10, 4 50 
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5:45:1 oicw^Lit2m^(Dm!^mi^Fsm- 

io r*r6wS^7K^S:±il!LfcllKS0Ul~ 

ei^^tifcffiigsr^rr^s i . . . , Mn, . . , a i 

..I. (OH) ,*5j;WIio.4iMn..,,Al,.i. (O 
[00381 oV'.-e. iJ^r^At^^y^yP-^:/:^^- 

mm^Lxmmtsxxm^vx. i n i..., 

Mn..,,A lo.joO, (tt*^j6) fcJ;05L i N 
Mn,.4,Al..i,0, (Jt|S50IJ7) -C*$tvS2|BgO 

[00391 (1 1) Jtti0'j8~9 

A^^coT/i-^^^^AiC^/ujti-e 7:3:30, 4 

5:25: 3o\zwmhi^2'^(Dmikimm:mm- 

5. oi^-e, ::ne>(OJi^*^SrJ:iELfclllfe0iJl~ 
3i:I^JilLTj^L-C, Tk^Hb^s^iryKO^yy^/Wc 

^$Jxfc«it*^5, iffl^i^N i,.,,Mn..o,Al 
o.„ (OH) ,i3j;tWi,.45Mn,.,,Alo.,« (O 
H) tX'7r^iX^2^(D~vJlrf^-^>^-y-TJ^% 

[00401 ov>-c, ^)=f-^M.t=-y^J\^—^:y:fSy- 

^ivetUBMtTfS^Lfc^, ±i&Lfc|gS(S0!ll-3i: 
l^^{-LT^a*asa*5j:tJ^LT, *iJ^^L i N i..., 
Mn...,Al,.,.0, (itlfc^SJ8) *Jj;t/L i N io... 
Mii,.„Al..,.0, (it|S5C»J9) -C*^ix52^W 

[00411 (12) JtiS50iJl 0~1 1 

J^AW^<DTjvx=^':;J>.<D^/v\t^^ 7:3:40, 4 
5:15: 4 0 Lfr 2 ^0®^7»«Srfflj&t- 
5. ol,^T, ^*vPj(OiS^*^Sr±JELfcj|ite0iJl~. 

m:^fltzmm^^. iia^^i..s,Mn..o,Al 
0.4. (OH) ,*5j;t;5Nio.„Mn,.i,Al,.,o (O 

H) ^X'^^fi^2^(n>-yJ!rji'—r>ii>-Tj\'% 

[004 21 oi^-c, ])^^M.t=-y'irjv—Ty:ify- 
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Mn,.„Alo.„0, (JtlMsaiO) *JJ:t^L iNi 
..4,Mn..i.Alo.«oO, (ttiS*t|ll) t7*$n52 

[00431 (13) JtlSEC»ll2~13 

A;?kfiiSSwr/V'?: = !j'A<0^/VJtSr5 2 : 3 : 45, 4 30 

5:10:4 5\zmivit2ms(om!^7i(ims:pmt 

m^?ixfcflei<&#r«, iB^Nio.„Mn,.„Al 
0.., (OH) ,*Jj;lHNli,..,Mn«.i„Al,.4i (O 

H) , Xm^ix,^ 2^mr>~y^jv—=?:y}jv-rn^i. 

[00441 OV^T, ^y'i'^J^^h^^v^nv—^'yjJ-y- 
T/w^^iJ^i.irO^yV'JfciJ-tnmi : li:^<C?)J:5}i 20 

l^tc:LTil*a®fcJ:T;W=L-C, ili&ljg^CL i N i..,, 
Mn..,.Al..„0, (ttiSE0tJ12) iSitTL i N i 
o.4sMn,.,oAlo.4,0, (JtlSJ0i)l 3) -C^$^^5 2 

[00451 (14) Jtt!l5Wl4~15 

-«^7l^SR«r/V^-!J'AK>*/PJtS:4 7 : 3 : 50, 4 30 
5:5: 50tc:«Lfc2^O^i^^?rffljrr 

3i:l^{ctXjlS«^L-C, imXc=-y'rf^=-v'r)^ 

^$tT.yt«jg=Sr#f?>, io.,,Mn,.o,Al 
o.so (OH) ,*3itm i..45Mno.oi Alo.,« (O 
H) J Xvn^^h 2'^^(r)=^y^;v—^-y:fiv-T/VS. 

[00461 oV-'-e, ^)'J-^J>.h=^y^>i'—r^y^l^- 
TyP?=^;Ai:©^yHfe65tiT^tbl : 1 i:/<C-5J:5{C 40 



i|$IB20 0 0-2 23122 
20 

■eti^etiaiilt-Cig^Lm J:3i!tLfc||ife«ajl~3i: 
PJmtlLTflftiQajoitmii^LT, iffi^L i N i,.„ 
Mn..„AU.,oO, (tti5{«9J14) fcit/LiNi 
..,iMno..,Al..„0, at|!i5fi(lJl 5) •C*$iT52 

[004 71 (15) JtlSeCilJl6~2 1 
^Kfky^^lJ'A (Li OH) , *S!Hk=y'5r/U (N i 

(OH) ,) . {^T/U^-!^i. (Al (NO,) ,) *5 
<fcu=i:^b-^i^;^>' (MnO,) ©^tcs^LI, Ni, 
Mn, A KD^A^V^fi^iM 0 0:90:10: 

0, 100:70:30:0, 100:70:20:1 
0, 100:50:40:10, 100:50:20: 

3 0, 1 00 : 40 : 20 : 4 0i:/i^)J:9^C|S!b 
i-'Zbmm^vxmmaixm^x.x. la^Li 

Ni..,.Mn...oO, {Vd&MlG) , LiNi..„M 
n,.„0, (tttS50IJ17) , L iNi..,.Mn..,oAl 
o.ioO, (JteseajlS), LiNi....Mn,.,oAl 
o.i.O, (it|5f0iJ19) , L iNi,.,,Mn,.,.Al 
0.1. 0, QmM20) , L iN io.4oMno.,oAl 
..4.0, (itUfgljZl) -C*^iX'5 2fflg(Dy5^"J;A- 

[00481 ±M<Di:o\c\.x^i,fz\mmi--\m 
092 i<f>^m^mi^mm^xfmmm^S3h\c 

laSU X^tbTCu-Kat;^y 2/hili§jJ5l«m 
(D^Vyh SrfflV ^T, ^Effigi^lCC u -K a -^Mlt 
^e-CR^UT2e = 18. 71±0. 2 5' (Dim\^ 

m£r^y^—!^(ommi:m^it. tie«>*2jc^ 

-rJ:5''<c^*i*ofc<, *fc, 2 6 = 18. 7 1 + 0. 

2 5° ©i5H{c#^sif-i5'(D^i,*a!i;rr5t 

thi^. 2 0=44. 54±0. 2 5* ©|6ffl{C#fcf 

[0049] 
[^2] 
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21 22 





# 7C « ^ ;w tt 




C ) 


CO 


L i 


N i 


Mn 


A 1 


b + c 




I. 00 


1.00 


0. 00 


0.00 


0. 00 


0. 17 


1.9 




I. 00 


0. 50 


0. 50 


0.00 


0. 50 


0.21 


1.2 




1,00 


0. 92 


0. 03 


0. 05 


0.08 


0. 20 


1. 2 




1.00 


0. 45 


0. 50 


0.05 


0. 55 


0.21 


1.7 


ttmis 


1.00 


0. 90 


0. 00 


0. 10 


0. 10 


0. 17 


1.8 




1.00 


0. 87 


0. 03 


0. 10 


0. 13 


0. 17 


1.8 




1. 00 


0. 45 


0. 45 


0. 10 


0. 55 


0. 19 


1.7 




1. 00 


0. 67 


0. 03 


0. 30 


0. 33 


0.21 


1.9 




I. 00 


0. 45 


0. 25 


0. 30 


0. 55 


0. 20 


1.6 




1.00 


0. 57 


0. 03 


0.40 


0. 43 


0.17 


1.7 




1.00 


0. 45 


0. 15 


0. 40 


0. 55 


0. 20 


1.7 




1. 00 


0. 52 


0. 03 


0. 45 


0. 48 


0. 19 


. 1.7 




1.00 


0. 45 


0. 10 


0. 45 


0. 55 


0. 19 


1.6 




1.00 


0. 47 


0. 03 


0. 50 


0. 53 


0.18 


1.5 




1.00 


0. 45 


0. 05 


0. 50 


0. 55 


0. 20 


1.7 




1.00 


0. 90 


0. 10 


0.00 


0. 10 


0. 27 


1.7 




I. 00 


0. 70 


0. 30 


0. 00 


0. 30 


0. 25 


1.8 


it6«»Jl8 


1 1.00 


0. 70 


0. 20 


0. 10 


0. 30 


0.31 


1.2 




1.00 


0. 50 


0. 40 


0. 10 


0.50 


0. 29 


1. I 




1.00 


0. 50 


0. 20 


0. 30 


0.50 


0. 30 


1.6 




I. 00 


0. 40 


0. 20 


0. 40 


0.60 


0. 27 


1.4 



[0 0 5 01 fj^is. ±f^2(c4oV^T. ^7cmoyej\^it 
frjoV^TL i iHHmS^L i.Mn.M. N i ».,k«o O, \Z 
i3(t5a**U Nittl- (b + c) Mn« 
bSr^U Al (Mi^AlcD^) ttcSr^LTVN^. 
±1^ 2 J: U J: 5 1-. '^imt^l 1 ~ 1 5 *3 J;t^ 

Jtt!iE0y21(D^^15fel«, 0<a<l. 2. 0. 0 5 
SbSO. 45. O^c^O. 45jJ^, 0. 05^b 
4-c^O. 50, Bpi^, 0. 5^1- (b + c) ^0. 
9 5 ®^(0V ^ttid^-Sfftfc Lr V ^/*<cv ^ r t Ai^i^^, 
#Ji^Jl 6~2 0d:, xm^b i.XCu-Koc^M\i^ 
^J^Xmmfm^i^isHi2B = 18. 7 1±0. 2 
5° »«C#Si-5t°-i5'CD#M*B«50. 15° ~ 
0. 2 2° Vm^:iti'^j^i^^. 

[005 11 2.m^miEm<oYm 
±^<r>x 0 ic Lnm^fiiammm i ~ 1 5 <DiEmm 
w^^xj^itmi 1 ~ 2 1 (Dismimt ^mi^ u ^ti 

-2-f.ny \fy (NMP) frnt^wi^i-x^mm 
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